Hirota's bilinear method [3] is a famous analytical method for constructing exact and explicit n-soliton solutions of non-linear partial differential equations (PDEs). Since put forward in 1970s, Hirota's bilinear method has achieved considerable developments [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . With the close attentions of fractional calculus and its applications [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , some of the natural questions are whether Hirota's bilinear method can be extended to non-linear PDEs of fractional orders and what about the fractional soliton dynamics and integrability of fractional PDEs. As far as we know there is no research reports on the bilinear method for non-linear PDEs of fractional orders. This paper is motivated by the desire to extend the bilinear method to non-linear fractional PDEs and then gain more insights into the fractional soliton dynamics of the obtained n-soliton solution. 
Introduction
With the development of fractional calculus and its applications, dynamical processes and dynamical systems of fractional orders have attracted much attentions. In 2010, Fujioka et al. [1] investigated fractional optical solitons by means of an extended non-linear Schröinger equation with fractional dispersion term and fractional nonlinearity term. In 2014, Yang et al. [2] modeled fractal waves on shallow water surfaces by introducing a local fractional Korteweg-de vries (KdV) equation. 2 purpose, we consider the following LFKP equation: 
where 0 0
, some graceful properties [15] of the local fractional derivative have been used in this paper.
The rest of this paper is organized as follows. In Section 2, we derive the LFKP eq. (1) by introducing a local fractional Lax equation. In Section 3, we bilinearize the LFKP eq. (1) and construct its fractional n-soliton solution by extending Hirota's bilinear method. In Section 4, we investigate the dynamical evolutions of the obtained fractional one-solition solution. In Section 5, we conclude this paper.
Derivation of the LFKP equation
For the LFKP eq. (1), we have the following Theorem 1. Theorem 1. The LFKP eq. (1) has Lax integrability, which can be derived from the following Lax equation with local fractional derivatives:
where
and the local fractional integral of ( ) u  of order (0 1)     is defined as [15] :
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Substituting eqs. (6)- (8) into eq. (3), we have:
Taking the local fractional derivative of eq. (9) with respect to x , we arrive at eq. (1). Thus, we finish the proof of Theorem 1. The process of proof shows that eq. (1) has Lax integrability.
Local fractional bilinearization and n-soliton solutions
For the bilinearization of LFKP eq. (1), we have the following Theorem 2: Theorem 2. By the transformation: (2 ) 2 ln ( , , )
the LFKP eq. (1) can be bilinearized as: 
Proof. Directly substituting eq. (10) into eq. (1), and using the properties [15] of local fractional derivatives and local fractional integrals, we transform eq. (1) as:
It is easy to obtain
( )
We sustitute eqs. (15)- (18) 
With the help of the bilinearized form of the local fractional Hirota's bilinear operator (12), we have:
By which we can rewrite eq. (19) as eq. (11 
Proof. We suppose that:
where ε is embedded parameter and i f are undetermined functions of x , y and t . Substituting eq. (25) into eq. (11) and then collecting all the coefficients with same order of ε , we derive a system of local fractional PDEs (LFPDEs): 5 5 and so forth.
For the fractional one-soliton solution, we suppose that: 
and obtain the fractional one-soliton solution of eq. (1):
where sinh ( ) α ⋅ is the generalized hyperbolic sine function [15] .
To construct the fractional two-soliton solution, we suppose 
We therefore obtain the fractional two-soliton solution of eq. (1):
Similarly, for the fractional three-soliton solution, we suppose 
and have 2  1  2  12  1  3  13  2  3  23  1  2  3  12  13 23
Thus we obtain the fractional three-soliton solution of eq. (1): )   where   2  2  2  1  3  1  3  13  2  2  2  1  3 2  2  2  2  3  2  3  23  2  2  2  2  3  2 
By induction, we can finally reach the fractional n-soliton solution determined by eqs. (22)- (24) of eq. (1). Thus the proof of Theorem 3 is end.
Fractional soliton dynamics
In order to gain more insights into the soliton dynamics of the obtained fractional n-soliton solution (22), we consider the cases of 1 n = . , we can see that the one-soliton has different velocities depending on the values of α . At the initial stage, the smaller the value of α is selected, the faster the soliton propagate, but soon it was the opposite.
Conclusion
In summary, we have derived and solved the Lax integrable LFKP eq. (1). This is due to Hirota's bilinear method extended to non-linear PDEs with local fractional derivatives. To the best of our knowledge, combined with the Mittag-Leffler functions the obtained fractional n-soliton solution (13) and its special cases, the fractional one-soliton solution (31), two-soliton solution (34) and three-soliton solution (38), are all new, they have not been reported in literature. It is graphically shown that the fractional order of the LFKP eq. (1) influences the velocity of the fractional one-soliton solution (31) with Mittag-Leffler function in the process of propagations. More importantly, the fractional scheme of the bilinear method presented in this paper for constructing n-soliton solution of the LFKP eq. (1) can be extended to some other integrable local fractional PDEs. In soliton theory, 7 7 there are many other analytical methods such as those in [25] [26] [27] [28] [29] for solving non-linear PDEs with integer order derivatives. How to extend these analytical methods to non-linear local fractional PDEs is worthy of study.
